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ABSTRACT 
 

Introduction and Aim: Hypertension and proteinuria is known to cause renal and cardiovascular disease and 

mortality in patients irrespective of diabetes. It is beneficial to identify proteinuria and probable glomerular injury 

early to take preventive measures from cardiovascular event.  In our study, we aimed to evaluate whether a 

biomarker such as nephrin can detect early glomerular injury in treatment naïve hypertensive subjects. 
 

Materials and Methods: Forty newly diagnosed, treatment naïve hypertensive subjects were recruited for the 

study along with 40 normotensive controls after obtaining informed consent and procuring approval from. 

Institutional Ethics Committee. The hypertensive group was classified as diabetic and non-diabetic hypertensives 

and compared with apparently healthy controls (normotensive). Urine sample was analyzed for microalbumin, 

creatinine and nephrin. Blood sample was analyzed for glycated hemoglobin, urea, creatinine, sodium, and 

potassium.  Statistical analysis was performed using ANOVA to compare the groups for various parameters. Odds 

ratio was calculated. 
 

Results: Hypertensives were sub-grouped based on amount of microalbumin excreted. Urine nephrin excretion was 

significantly higher in hypertensive subjects than normotensive subjects (nephrin cut-off: 0.09 mg/g of creatinine). 

Urine nephrin (mg/g) was found to be elevated (median 0.15; interquartile range, 0.12 and 0.17) in hypertensives 

with normoalbuminuria and it was significantly higher than normotensive subjects (median 0.07; interquartile 

range, 0.04 and 0.09).   
 

Conclusion: Urine nephrin may be used as a biomarker of early glomerular injury in hypertensive subjects even 

before microalbuminuria is detected.  
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INTRODUCTION 
 

ypertension is known to be associated with 

proteinuria (>150 mg/day urine protein 

excretion). Prevalence of microalbuminuria 

(excretion of urine albumin > 30 mg/day) in patients 

with hypertension varies from 8 to 23% (1). Studies 

have shown that hypertension irrespective of diabetic 

or non-diabetic status is indicative of cardiovascular 

and renal disease that eventually develop into End 

Stage Renal Disease (ESRD) (2,3). General population 

studies such as Aus-Diab and Prevention of Renal and 

Vascular End Stage Disease (PREVEND) has showed 

an 8 to 11.5% prevalence of microalbuminuria in 

individuals with hypertension (4). The Losartan 

Intervention for Endpoint Reduction (LIFE) trial in 

hypertensive patients with electrocardiographic signs 

of left ventricular hypertrophy showed a 23% 

prevalence (1). Recent data from PREVEND (4) 

showed an 8% incidence of an individual moving from 

a normoalbuminuria to a microalbuminuria 

classification in a span of 4 years, like that of treated 

diabetes; this drift into microalbuminuria was observed 

in individuals with high-normal albumin levels (5-7).  
  

Microalbuminuria is attributed to impaired 

permeability of the glomerulus, basic filtration unit of 

nephron. Glomerular filtration barrier is made up of 

three layers that constitutes of endothelial cells, 

basement membrane (lamina) and podocytes with their 

foot processes along the urinary side. Podocytes are 

connected to each other via actin-based foot processes 

that forms an intercellular junction known as slit 

diaphragm made up of nephrin, neph1 and Podocin 

protein. Nephrin, a 180-KD trans-membrane protein 

forms the main component of slit diaphragm. Nephrin 

is arranged in a repetitive, precise pattern that form 

pores that allows filtration of blood and prevents 

albumin and macromolecules from filtration. The 

cytoplasmic portion of nephrin protein regulate 

cytoskeletal organization and shape of the foot 

processes and any disruption of podocyte structure 

results in characteristic changes like effacement of foot 

processes, microvillous transformation, and occasional 

detachment from the glomerular basement membrane. 

Podocyte is the primary target of injury in Minimal 

change disease, focal segmental glomerulosclerosis, 

membranous glomerulopathy, hypertension, diabetes 

mellitus and lupus nephritis (8-11). In our hospital, we 
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encountered several newly diagnosed hypertensive 

patients with mild proteinuria. We wanted to evaluate 

whether a biomarker such as nephrin can be used for 

detection of early glomerular injury in treatment naïve 

hypertensives. 
 

MATERIALS AND METHODS 
 

A prospective, cross-sectional study was conducted 

jointly by Department of Biochemistry and General 

Medicine in a tertiary care multispecialty hospital. 

Forty newly diagnosed hypertensive subjects were 

selected from General Medicine outpatient and in-

patient departments. All pregnant women, known case 

of renal disorder, drug history that could cause 

hyperkalemia were excluded. Forty normotensive 

subjects were selected as controls. Study population 

belonged to age group of 20 to 80 years and included 

both genders.   
 

After obtaining consent, mid-stream urine sample was 

collected and centrifuged at 3500 rpm to evaluate for 

microalbumin, creatinine and nephrin.  Urine 

microalbumin was analyzed using Particle Enhanced 

turbidimetric inhibition immunoassay using dedicated 

reagents for fully automated Siemens Xpand 

automated analyzer with an assay measurement range 

(AMR) of 1.3 to 100 mg/L and analytical sensitivity of 

1.3 mg/L, between-day and within-day imprecision 

below 10%. Urine creatinine was analyzed using 

Modified Jaffe’s reaction (IFCC- IDMS traceable 

method) by photometric method using dedicated 

reagents for Siemens Xpand automated analyzer with 

an AMR of 5 to 400 mg/dL and analytical sensitivity 

of 5 mg/dl, within-day and between-day imprecision < 

5 %. Urine microalbumin to creatinine ratio (ACR) 

was expressed as mg of albumin per gram of 

creatinine. Nephrin was analyzed utilizing human 

NPHN (nephrin) ELISA Kit, cat. No. E-EL-H1901 

Elabscience Biotech Co. Ltd., Wuhan, Hubei Province, 

China. Human NPHN antibody was utilized with 

analytical sensitivity of 0.1 ng/mL and calibrated 

across 0.16 to 10 ng/mL with intra assay and inter 

assay imprecision less than 10%.  
 

Blood sample was collected to evaluate glycated 

hemoglobin (HbA1c) by HPLC using BioRad Variant 

II Turbo Hemoglobin analyzer with AMR of 3.5 to 

19% and analytical sensitivity 3.5%, within-day and 

between-day imprecision below 5%.   As a part of 

standard of care, subject’s renal profile consisting of 

urea, creatinine, sodium, and potassium in serum were 

analyzed. Serum Urea was analyzed using 

Urease/GLDH method with an AMR  0-321 mg/dL, 

analytical sensitivity of 1 mg/dL, within-day and 

between-day imprecision below 5%. Serum creatinine 

was analysed using Modified Jaffe’s reaction (IFCC- 

IDMS traceable method) method using dedicated 

reagents for Siemens Xpand automated analyzer; 

serum creatinine AMR was 0.15 to 20 mg/dL with an 

analytical sensitivity of 0.15 mg/dl, within-day and 

between-day imprecision <5 %. Estimated Glomerular 

Filtration Rate (eGFR) was calculated using 

Cockcroft-Gault formula (Creatinine Clearance (CrCl) 

= K*{([140-age] * weight in kg)/ (Serum creatinine* 

72)}, wherein K=1 in male and K=0.85 in female. 

Serum sodium and potassium were analysed using 

Integrated multisensory technology (IMT) on Siemens 

Xpand automated analyser. Sodium and potassium had 

an analytical sensitivity of < 50 mEq/L and <1 mEq/L 

respectively with an AMR of 50 to 200 mEq/L and 1 

to 10 mEq/L respectively. Data collected was verified 

for normal distribution with the help of kolmogrov-

smirnov test. Parameters which passed the normality 

test was described as Mean ± Standard Deviation (SD). 

Data with skewed distribution was described as 

Median and interquartile range (IQR at Q1 and Q3). 

Different groups were compared using ANOVA. 

Odd’s ratio was calculated for urine nephrin. Statistical 

significance was defined as p value < 0.05. 
 
RESULTS 
 
Subjects were divided into 4 groups. Apparently 

healthy, normotensive subjects were included under 

group 1 or controls. Hypertensive subjects were sub-

grouped based on Urinary ACR (mg/g of creatinine) as 

group 2: normoalbuminuria (< 30 mg/g), group 3: 

microalbuminuria (30 to 300 mg/g) and group 4: 

macroalbuminuria (> 300 mg/g). The demographic 

data and biochemical parameters are described in 

Table 1. Number of diabetic patients in group 2, 3 and 

4 were 44 % (n=11), 75% (n=6) and 71 % (n=5) 

respectively. Duration of diabetes ranged from 2-5 

years. eGFR showed significant difference between 

group 1 and 4 (p value < 0.05) while there was no 

significant different between group 1, 2 and 3. 

Although there was no difference in serum urea, 

sodium and potassium concentration between the 

groups, serum creatinine showed slight elevation in 

subjects with macroalbuminuria. Urine microalbumin 

and creatinine showed a skewed distribution in the 

hypertensive patients, and it has been described as 

median and IQR. Urine nephrin excretion is 

comparatively higher in hypertensive subjects than 

normotensive subjects which was found to be 

statistically significant (p<0.05). To evaluate for 

significant nephrinuria between subjects with 

albuminuria and normoalbuminuria, odd’s ratio was 

calculated. Apparently healthy normotensive subjects 

and normoalbuminuric hypertensive subjects were 

grouped together while group 3 and 4 were grouped as 

albuminuria group. It was found to be 29.3% with 95% 

confidence interval (3.61 to 238.18) and p<0.05. The 

hypertensive group was classified as diabetic and non- 

diabetic hypertensives and compared with apparently 

 healthy controls (normotensive) (Fig.1). 
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Table 1: Demographic characteristics and biochemical parameters of study participants 

Parameters 

Group 1 

Normotensive 

subjects/controls 

Group 2 

Hypertensive with 

normoalbuminuria 

Group 3 

(Hypertensive with 

microalbuminuria) 

Group 4 

(Hypertensive with 

macroalbuminuria) 

Number of subjects 40 25 8 7 

Age† (years) 31.5 ± 9.5 43.2 ± 6.8 51.8 ± 4.7 52.5 ± 7.4 

Diabetes Mellitus Nil 11 6 5 

Systolic Blood 

Pressure† (mm Hg) 

128 ± 11 145 ± 7 155 ± 7 195 ± 21 

Diastolic Blood 

Pressure† (mm Hg) 

74 ± 7 89 ± 2 100 ± 14 115 ± 7 

HbA1c† (%) 5.9 ± 0.71 6.8 ± 0.71 7.6 ± 1.13 8.4 ± 1.98 

Serum urea† 

(mg/dL) 

24.5 ± 74.85 33 ± 9.9 40 ± 2.83 40.5 ± 6.36 

Serum creatinine† 

(mg/dL) 

0.93 ± 0.13 0.83 ± 0.27 1.10 ± 0.13 1.14 ± 0.35 

eGFR† (ml/min) 96.3 ± 19.9 102.85 ± 5.59 104.8 ± 22.49 78.9 ± 9.31* 

Serum Sodium† 

(mmol/L) 

138 ± 8.8 136 ± 4.6 135 ± 7.4 134 ± 8.2 

Serum Potassium† 

(mmol/L) 

4.4 ± 2.1 4.2 ± 1.8 5.0 ± 1.4 5.1 ± 0.6 

Urine microalbumin 

(mg/L) 

13.8 ± 8.68† 12.0 (5.3, 30.2) †† 98.1 (34.5, 158.1) †† 116.36 (109.24, 277.43) †† 

Urine Creatinine 

(mg/dL) 

86 ± 40.4 † 78.3 (44.5, 226.7) †† 

 

89.9 (66.0, 192.3) †† 

 

23.5 (18.6, 70.3) ††* 

 

Urine ACR (mg/g 

of creatinine) 

15.98 ± 6.50 † 16.73 (11.39, 28.48)†† 48.42 (37.75, 177.05) ††* 495.25 (369.49, 622.48) ††* 

 

Urine Nephrin†† 

(ng/g of creatinine) 

0.07 (0.04, 0.09) 0.15 (0.12, 0.17) * 0.8 (0.46, 1.24) * 

 

6.24 (2.98, 9.21) * 

                    †Mean ± SD ††Median (Q1, Q3)   * p value < 0.05, statistically significant 
 
 

 
Fig.1 Urine nephrin in hypertensive and control group 

 
DISCUSSION 
 
Prevalence of lifestyle diseases has been increasing 

with increase in life expectancy in India that is 

comparable to western countries. After diabetes 

mellitus, hypertension is the second leading cause of 

renal damage and dysfunction (2,3) and both account 

for 40 to 60% cases of chronic kidney disease (CKD) 

in India (12). Prevalence of hypertension in Indian 

adults is 17% (14.8%, rural and 21.4% urban) and 

diabetes is 28% in urban and 7.1% in rural population. 

A study in rural Karnataka, showed 3.82% prevalence 

of diabetes and 33.62% of hypertension and 6.3% 

prevalence of CKD stage 3 (13). Though a small 

proportion of CKD patients reach ESRD, these 

patients are 10 to 100 times vulnerable for 

cardiovascular events. It is beneficial to identify them 

early and institute a preventive measure planned for 

cardiovascular events (14). In our study, we wanted to 

identify a biomarker for early glomerular injury in 

treatment naïve hypertensive patients to initiate 

measures to prevent and manage kidney dysfunction at 

an early stage.  
 
Urine nephrin concentration was found to be 

significantly higher in hypertensive patients in 

comparison to apparently healthy subjects. In 

hypertensives, elevated systemic blood pressure might 
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result in elevated pressure in glomeruli giving rise to 

injury to podocyte due to mechanical stretching (15). 

Damaged podocytes result in alterations of the slit 

diaphragm, foot process reorganization with fusion of 

slits and apical displacement and if this condition 

persists, progressive glomerular injuries can ensue 

(16). It may be probably because of low Podocyte cell 

turnover with limited replication potential and the 

outcome of such injuries is detrimental (8). 

Nephrinuria was seen in normoalbuminuric 

hypertensive subjects and was statistically significant 

in comparison to controls. The odds of developing 

nephrinuria are 29.3% times higher and 95% 

confidence interval was wide indicative of inadequate 

sample size. Normoalbuminuric subjects presenting 

with increased levels of urine nephrin could be 

indicative of status that precedes albuminuria and loss 

of glomerular function. Tubular theory proposes 

impaired tubular uptake of intact albumin leads to 

albuminuria rather than increased leakiness in 

glomerular filtration barrier (17). Urine nephrin 

concentration is lower in hypertensive subjects without 

diabetes mellitus when compared to combination of 

diabetes and hypertension in subjects. Our study 

findings are comparable to reports by Jim et al., (18) 

who showed that nephrinuria was seen in 54% of 

patients with normoalbuminia and 100% of diabetic 

patients with microalbuminuria and macroalbuminuria.  

Nephrinuria correlated with systolic blood pressure 

and it was reported that nephrin is a reliable early 

biomarker of diabetic nephropathy (18). 
 
A cut-off value for urine nephrin was considered as 

0.09 mg/g of creatinine as seen in healthy control. The 

cut-off found in several studies were slightly variable 

though comparable (19-21) and this could be attributed 

to different ELISA kits used by researchers. Large 

population study is required to establish cut-off for 

urine nephrin concentration.  
 
Urine ACR was significantly higher in group 3 and 4 

(48.42 and 495.25 mg/g of creatinine respectively) and 

this finding is similar to Kondapi et al., (20). There is 

proportionate rise in serum creatinine (not statistically 

significant) and associated decrease in eGFR in group 

4. It could be due to small sample size and requires to 

be evaluated in larger study population.  
 
Serum urea did not show significant difference across 

groups. Dietary protein intake is directly proportional 

to urea production and since we did not document the 

dietary recall or fluid intake for subjects and it is one 

of the limitations in our study.  
 
Serum sodium and potassium were not significantly 

different between groups although a small proportion 

of subjects in group 4 showed sodium levels lower 

than 125 mEq/L and potassium beyond 5.5 mEq/L. 

Several studies have shown low serum sodium and 

high potassium levels associated with hypertension 

(21, 22).  

Well controlled and monitored blood pressure can 

prevent decrease in glomerular filtration rate in 

diabetic and non-diabetic patients (23,24). However, 

some of these studies indicate in addition to blood 

pressure, proteinuria should be under tight control for 

prevention from renal and cardiovascular protection 

(23-25).  
 
Our study had several limitations:  a) sample size was 

small in sub groups for treatment naïve hypertensive 

subjects. b) Dietary and fluid intake recall was not 

documented for the subjects. c) this was cross-

sectional and involved only a single glomerular protein 

nephrin. Strength of our study is that we have showed 

there is urine nephrin loss in hypertensives earlier than 

albuminuria. There are very few studies on nephrin as 

a biomarker in glomerular injury amongst treatment 

naïve hypertensives in Indian population.  
  
CONCLUSION 
 
In conclusion, our study demonstrates that urine 

nephrin can be used as a biomarker of early glomerular 

injury in hypertensive subjects. Larger cohorts maybe 

required for further validation of this outcome and also  

to have standardised cut-off and unit of expression for 

urinary nephrin.   
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